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Introduction:  Regolith, the fragmental debris layer 
formed from impact events of all sizes, covers the sur-
face of all asteroids imaged by spacecraft to date. Here 
we use Framing Camera (FC) images [1] acquired by 
the Dawn spacecraft [2] from its low-altitude mapping 
orbit (LAMO) of 210 km (pixel  scales of ~20 m) to 
characterize regolith depth, variability, and mobility on 
Vesta, and to locate areas of especially thin regolith and 
exposures of competent material. These results will 
help to evaluate how the surface of this differentiated 
asteroid has evolved over time, and provide key contex-
tual information for understanding the origin and de-
gree of mixing of the surficial materials for which com-
positions are estimated [3,4] and the causes of the rela-
tive spectral immaturity of the surface [5]. Vestan rego-
lith samples, in the form of howardite meteorites, can 
be studied in the laboratory to provide complementary 
constraints on the regolith process [6]. 
Observations of crater walls: FC images reveal 
exposures of competent material and layers within 
crater walls (Fig. 1). Many craters show a spur and gul-
ly erosional pattern, with spurs appearing to originate at 
the surface in some cases (Fig. 1A). This morphology is 
consistent with mass wasting of materials downslope, 
and indicates material resistant to erosion near to the 
surface. If this material represents a 
layer of competent or fractured rock, 
this would indicate regolith thick-
nesses in these regions of < 20-40 m 
for images acquired at 20 m/pixel. 
However, regolith near crater rims is 
likely thinner than typical inter-
crater regions, as it is more easily 
sloughed into the crater itself. We 
also find evidence for layers re-
sistant to erosion several hundred 
meters below the surface (Fig. 1B). 
In the case in Fig. 1B, a ledge with a 
possible overhang of material is also 
visible at the surface. Many of the 
craters that expose such materials 
are found within the Rheasilvia impact basin [7], and 
we are working to map the global distribution of these 
occurrences. 
Blocky ejecta:  One standard technique for estimat-
ing regolith depth is to identify the presence (or lack) of 
blocks in crater ejecta; this technique was first applied 
to Surveyor I images of the Moon [8]. This method 
assumes that craters without blocky ejecta formed sole-
ly within the unconsolidated regolith, and when blocks 
are present, they were excavated from the more compe-
tent substrate beneath the regolith. At pixel scales of 
~18 m, FC images can be used to identify locations 
where craters have penetrated especially competent 
material to excavate blocks, but cannot resolve whether 
blocks are present at small craters and thus cannot help 
to constrain minimum regolith depths.  
Blocky ejecta is observed around many craters on 
Vesta (Fig. 2). The smallest crater with positive block 
identification thus far is ~3.3 km in diameter (Fig. 2C), 
with blocks detected but not clearly resolved (<~30 m), 
consistent with the largest blocks expected for a crater 
of this size [9]. We have begun to map the distribution 
of blocks on the surface of Vesta using LAMO images 
in an effort to search for variations in regolith among 
different geologic units [10]. 
 
 
Fig. 1. Examples of exposures of coherent material within crater walls. A) The wall 
of a ~15 km crater centered at 58.7° S, 200.7° E (image 
FC21A0014923_11355163605F1). B) A resistant layer ~250 m below surface (lower 
arrows) and a possible resistant layer and overhang of material at the surface (upper 
arrows). Crater is ~22 km in diameter, scene centered at 40.0° S, 205.5° E (image 
FC21A0015710_11361221112F1). 
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Small Crater Populations: The population of small 
(< ~200 m) craters has also been shown to be sensitive 
to regolith depth. For example, the mare has substan-
tially higher densities of small craters as compared to 
the older highlands, and Eros and Gaspra have been 
noted to show decreased crater densities below 200 m  
[11–14]. For areas of thick regolith, the preferential 
degradation of small craters has been attributed to their 
formation largely within the thick layer of unconsoli-
dated material [12,14]. The population of small craters 
in regions of especially thick regolith such as Shoemak-
er Regio on Eros is similar to the lunar highlands popu-
lation [14]; we are examining the small crater popula-
tions of different geologic [10] and spectral [3,15] units 
on Vesta for comparison. 
Downslope Movement:  Numerous examples indi-
cating downslope movement of regolith are found in 
LAMO images. Regolith is seen to nearly fill craters 
formed on slopes, indicting local regolith depths of 
hundreds of meters in these areas. We are examining 
these occurrences and comparing them to local slopes 
to examine regolith mobility on Vesta. 
Discussion: The lower gravity on Vesta means that 
material with lower mechanical strength may be re-
sistant to erosion; the question of interest is whether the 
materials exposed within crater walls are bedrock (like-
ly heavily fractured), or weakly to moderately compe-
tent material within the regolith (including ejecta layers 
or impact melt). If the material is bedrock or fractured 
rock, it may be exposed by craters in local areas of thin 
regolith, but the muted topography observed particular-
ly within Rheasilvia suggests most regions are mantled 
by unconsolidated debris. Global mapping of exposures 
of this material within crater walls, as well as block 
populations and comparisons of small crater popula-
tions will help elucidate the depth and variations in reg-
olith across geologic units and the surface evolution of 
these units. Physical properties of the topmost surface 
derived from near-infrared observations will be also 
considered [16]. 
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Fig. 2. Examples of blocks in crater ejecta. Arrows highlight 
selected boulders within the ejecta. A) Blocks surrounding a 
~8.8 km diameter crater at 26.9° S, 220.2° E (image 
FC21A0014744_11354133949F1). B) Blocks up to 250 m in 
the ejecta of a ~30 km crater, 22.3° N, 20.3° E (image 
FC21A3014333_11347133750F1). C) Blocky ejecta of a 
crater ~3.3 km in diameter, 67.5° S, 127.5°E (image 
FC21A0015660_11361180456F1). 
